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Abstract— Information on false paths in a circuit is useful for ~ paths at RTL and paths at gate level can be established. Until
design and test. Since identification of the false paths at gate level now, the correspondence has been established through module
is hard, several methods using high-level design information have interface preserving-logic synthesis (MIP-LS)[10]. Currently,
been proposed. These methods are effective only if the correspon- using MIP-LS is the only way to guarantee information of the
dence between paths at register transfer level (RTL) and at gate correspondence. However, it is not practical to restrict synthe-
level can be established. Until now, the correspondence has beensis only to MIP-LS.

established only by some restricted logic synthesis. In this paper,  |n this paper, we focus on path mapping from a set of RTL

we propose a method for mapping RTL false paths to their corre-  fa|se paths to gate level paths without considering MIP-LS. We
sponding gate level paths without such a specific logic synthesis. - first propose a method of mapping a set of RTL paths to its cor-
responding gate level paths (this is called path mapping) with
an arbitrary logic synthesis independent of false paths. The
proposed method maps RTL signal lines composing the RTL

For design and test of circuits, false path information is ver§faths o gate level nets by using functional equivalence rela-
'pn of signal lines (this is called signal line mapping). The

valuable since it can be used for reducing the time required f ired f \ i q is alleviated b .

logic synthesis, test generation and test application, and circ ffort require orf signa f'nﬁ mapplngrlls a ?"ﬁte yhusmgd

area while also minimizing over-testing. From the perspectii'® Uniqueness of a set of the RTL paths and the rough candi-
te selection method. Since the number of signal lines that

of design, since design constraints on false paths can be Ij= v identi ¢ hsi hi han that of
nored, designers can replace gates on the false paths by sm AUely entify a set of RTL paths is much lower than that o

gates with larger delay. Furthermore, optimizing paths longdfn0l€ signal lines in the set of RTL paths and our path mapping
than the critical path can be skipped if they are identified #89°7ithm only needs to map the reduced signal lines, the num-
false paths since they don't have to meet design constrainfe! ©f RTL signal lines to be mapped is significantly reduced.

Therefore, circuit area and time required for logic synthesig!9na! line mapping is achieved by checking the equivalence
can be made small by using false path information. From tﬁéetween signal lines and all the gate level nets: however, it is

testing point of view, since no test pattern can be generated I4e)kPV|oust not practical. Therefore, we use the method which

path delay faults on false paths, prior false path identificatiof"dS candidates of the functionally equivalent nets from a gate

can greatly reduce ATPG time. Furthermore, since some paffy®! Circuit by using diagnostics technigue[6].
delay faults on false paths can become testable due to applicaSince the gate level paths mapped by our method are repre-
tion of design for testability (DFT) and result in over-testingsented as signal lines, each gate level path does not need to be
this can be alleviated by false path identification. fully specified as a path, so we are able to handle bounded
Several false path identification methods at gate level fg¥aths. This representation is compatible with EDA tools,
combinational circuits[1, 2, 7] and for sequential circuits[3, 9]ike Synopsys Design Constraint (SDC). Experimental results
have been proposed. However, since it is difficult to apply falsghow that many RTL paths can be mapped to gate level paths
path identification methods at gate level for large circuits cori!Sing the proposed method within a reasonable time.
taining a tremendous number of paths, some methods usingThen, we consider false path mapping. The definition of
register transfer level (RTL) design information, instead of gatBTL false path in [10] assumes MIP-LS and the assumption
level, have been proposed[5, 10, 11]. While not specificallguarantees that the corresponding gate level paths are false.
targeting false paths, Nourani et al.[5] proposed a method ust this paper, we show that any corresponding gate level path
ing timing analysis and RTL design information to determinghat is mapped from the set of RTL false paths by using the
the actual critical path and avoid false paths longer than throposed method with an arbitrary logic synthesis is false. Ex-
true critical path. Yoshikawa et al.[10, 11] defined RTL falsgerimental results show that our path mapping method can es-
path and proposed a method to identify them. However, thetablish the correspondences of RTL false paths and many gate
methods would be useful only if the correspondence betwedsvel false paths.

I. INTRODUCTION



The rest of this paper is organized as follows. Preliminaf-_pattern _|<— the same —

ies are presented in Section Il. Section IIl presents the proy........ v A

posed RTL path mapping method. Section IV shows that tH .

gate level paths mapped from a set of RTL false paths with tf Pt
proposed method are false. Experimental results are given  sionalline

Section V. Section VI concludes the paper.
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A. Circuit model

In this paper, we only consider structural RTL designs.
structural RTL design consists of a controller represented by3. ef*[k;](i = 2,...,n—1) is thek;-th bit-sliced RTL signal
a combinational module and a state register, and a datapath line connecting between the modules havifg, [£; 1]
represented by RTL modules and signal lines connecting them as an input and’ , [k;..1] as an output, respectively
where an RTL module is an operational module, a register orefinition 7: (Sub bit-sliced RTL pathpA subset of a bit-
MUX and a signal line has an arbitrary bit width. sliced RTL pathp® is called asub bit-sliced RTL path gf”.

O
B. Gate level and RTL path representation

Definition 1: (Gate level path)An ordered set of gate level C. Relation between signal lines

nets{e{,...,e%} is called agate level pattif it satisfies the Here, we first definsignal line cutting which is an opera-
following conditions. tion needed for defining functionally equivalent signal lines.
1. f is the net directly connected to a primary input or thédefinition 8: (Signal line cutting) For a combinational circuit
output of an FF C with n inputs,m outputs and an internal signal line the
2. €% is the net directly connected to a primary output or théollowing operation is referred to asittingC' on s.
input of an FF 1. Create thén + 1)-th new input port and thém + 1)-th
3. ¢5(i = 2,...,n — 1) is the net connecting between the new output port.
gates having{ | as an input and{, ; as an output, re- 2. Remove the signal line
spectively O 3. Create connections betwegn+ 1)-th input port and the
Definition 2: (Sub gate level pathA subset of a gate level end point ofs and between the start point efand the
pathp© is called asub gate level path gf“. O (m + 1)-th output port. O
Definition 3: (RTL path) An ordered set of RTL signal lines In the following discussion, we represent the combinational
{ef,... efl} is called arRTL pathif it satisfies the following circuit resulting from the above operations@(s).
conditions. For two functionally equivalent combinational circuits, we
1. eft is the RTL signal line directly connected to a primarydefine a functional equivalence of signal lines as follows.
input or the output of a register Definition 9: (Functionally equivalent signal linejor  two
2. eltis the RTL signal line directly connected to a primaryfunctionally equivalent combinational circuit§ andCs with
output or the input of a register internal signal liness; and sq, respectively,s; and s, are
3. ef'(i = 2,...,n — 1) is the RTL signal line connecting functionally equivalenif and only if C;(s;) andCj(s;) are
between the modules having , as an inputand’, as functionally equivalent.

]
an output, respectively o Inthe following discussion, we represent the relation of func-
Definition 4: (Sub RTL path)A subset of an RTL path” is  tional equivalence between signal lingsands, ass; =; so.
called asub RTL path op”. O Figure 1 illustrates functionally equivalent signal lines. The
An RTL signal line consists of one-bit signal lines as folsignal liness, and s, are functionally equivalent if the re-
lows. sponses fronCy (s1) and C5(s2) are identical for any input
Definition 5: (Bit-sliced RTL signal line)For an RTL signal pattern.
line s, each one bit signal line separated freis referred to as
:g;t[;]s.llced RTL signal line of. Thei-th bit of s is represent;d D. Relation between paths
Definition 6: (Bit-sliced RTL path)An ordered set of bit- We define the functional equivalence between the sub bit-
sliced RTL signal lines{ef'[k1], ..., e2[k,]} is called abit-  sliced RTL path and sub gate level path as follows.
sliced RTL pathf it satisfies the following conditions. Definition 10: (Functionally equivalent pathBub bit-sliced
1. ef'[k,] is thek,-th bit-sliced RTL signal line directly con- RTL paths and sub gate level paths are simply referred to
nected to a primary input or the output of a register as sub paths Sub pathsy; = {e1,,...,e1,} andgx =
2. e[k, ] is thek,-th bit-sliced RTL signal line directly con- {es,,...,es  } arefunctionally equivalenif ¢; andg, satisfy

nected to a primary output or the input of a register the following conditions.



l.n=m 1. Generate the minimum sub RTL patfi(i = 1,...,n)

2.e1,=1ey (i=1,...,n) O that uniquely identified>**.

For mapping a given RTL path to gate level paths, it is suf- 2. Try to obtain a gate level neifjk that is functionally
ficient to map only the RTL signal lines that uniquely identify equivalent to each bit-sliced RTL signal |ir¢é}k (k =
the RTL path to gate level nets. Therefore we provide the fol- 1 L), whereegk is an element of a bit-sliced RTL
lowing definition to alleviate the signal line mapping effort.
Definition 11: (Identification of path)A sub RTL pathg® is binations of bit-sliced RTL paths obtained by specifying
said touniquely identifyan RTL pathy" if p is the only path bit portion of every RTL signal line og/?, and! is the

that_ p_rpperly includge_R. _ | number of RTL signal lines og. Go to step 3 ifef}k or
Definition 12: (Identification of path set)A sub RTL pathg”

pathg/t(j = 1,...,m;) of ¢f*, m; is the number of com-

is said touniquely identifya set of RTL pathsP™, if P isthe 3. For each pair of and;, find all the gate level paths that
only set of RTL paths that properly includgs. o include{e¥ ..., eS }. The setof the obtained gate level
paths is referred to aB.
I1l. PROPOSED METHOD OF PATH MAPPING 4. CalculatePC = 0 6 pg
i=0 =0

In this section, we formulate the path mapping problem and Notice that, the signal line mapping in step 2 is described
present a solution of the problem independent of false pati. the next subsection. We assume that at most one gate level
Consideration of false paths is described in Section IV. net is functionally equivalent to a bit-sliced RTL signal line
for simplifying the algorithm description. In our experiments
reported in Section V, we did not face a case that more than one
gate level netis mapped. However, we can handle multiple nets

We formulate the path mapp|ng pr0b|em asa prob]em to f|rm/ taklng all the paths that through the nets into account. In
a set of gate level pa’[hs Corresponding to a set of RTL pa’[hsstep 3 and 4, all the gate level paths are not needed to be listed.

For solving path mapping problem, it is sufficient to conJt is not practical to list gate level paths. Instead of listing,
sider only the RTL combinational circuit® which is the com- Paths are represented by just specifying ”?‘?ﬁ EER e, }
binational part of a given structural RTL desigif and the which are passed through. This representation is compatible or
gate level combinational circuit® which is the combinational familiar with EDA tools, like SDC description.
part of a gate level design synthesized fréM. We assume
that there exists a one-to-one correspondence between thedn-sjgnal line mapping
put/output signal lines of'* andC“. This relation is called
I/O mapping informationThe I/0 mapping information af'® In this section, we formulate the problem finding function-
andC¢ can be obtained by preserving all the bits of the regiglly equivalent nets. Then, we will show an algorithm for solv-
ters inS® during logic synthesis. The preservation is commofng the problem. Signal line mapping algorithm is used in the
for logic synthesis for structural RTL designs. proposed path mapping algorithm.

Definition 13: (Path mapping problem) . . .
Input e C'®: an RTL combinational circuit C.1. Signal line mapping problem
e C%: a gate level circuit that is functionally equiva- We formulate thesignal line mapping problerto find a set

A. Path mapping problem

lent toCF of nets, which is functionally equivalent to a bit-sliced RTL
e PE: a set of RTL paths Definition 14: (Signal line mapping problem)

c_ Mg Input e C: an RTL combinational circuit

Output P* = igo jL:JO P ¢ CC: a gate level circuit that is functionally equiva-

Where P is defined as follows. Leg(i = 1,...,n) lent toC** o _ i .
be a sub RTL path that uniquely identifi¢d® and qg(j = 'T}Qe I_/O mapping mformatlon t.)etwe. andC
1 m;) be a sub bit-sliced RTL path o wheren is the o c''[k] .| Thek;}zh blt-}séllced RTL signal line of an RTL

preer signal linee' in C

G

number of the sup RTL path.s oft. Letg;; be gsub gate level Output EC — {eG|eG - eR[k:]} wherecC is anetinC¢ .
path that is functionally equivalent tg‘;i Pfj is a set of gate

level paths includin@fj. o C.2. Signal line mapping algorithm
Given an RTL combinational circui€’”* and a gate level
B. Path mapping algorithm combinational circuiC'“, checking functional equivalence be-

tween a bit-sliced RTL signal lin€®[k] in C* and a gate level
We propose an algorithm solving the path mapping probret ¢ in C“ can be performed by applying all the possi-
lem as follows. The algorithm establishes correspondences lie input patterns to both circuitS*(ef*[k]) and C%*(e%),
tween a set of RTL paths?%®, and a set of gate level paths,and comparing their output responses. It is achieved by apply-
PC. ing equivalence checking[4, 8] far* (ef[k]) andC%* ().



However, it is not practical to explicitly check the functionale”®[k] in C%. Anye® € E€ is functionally equivalent te”[k]
equivalence for all the possible combinations betwe®fk] if and only if E is the set of gate level nets obtained by the
ande® in C¢. signal line mapping algorithm. O
Ravi et al.[6] proposed a method finding candidates for fundProof]  First, we show that Steps 1 to 3 guarantee that the
tionally equivalent nets of a given bit-sliced RTL signal linePrimary outputs ofC“ and C* have the same response for
using fault diagnosis techniques. In this paper, their method & input pattern irl” when e and e”[k] have the same
utilized to solve the signal line mapping problem. More specifvalue which is the necessary condition of functional equiv-
ically, their method injects a stuck-at fault on the bit-sliceclence. LetC* hasn inputs ¢%[i](i = 1,...,n)) andm
RTL signal line and finds the stuck-at faults, which have theutputs ¢%[i](i = 1,...,m)). C**(e"[k]) hasn + 1 inputs
identical behavior of the fault under the test patterns, in the™*[i](i = 1,...,n + 1)) andm + 1 outputs ¢"*[i](i =
gate level circuit. The faults in the gate level circuit and thd. ---»m + 1)). We inject a s-a» fault on ¢*[k] in C*
fault in the RTL circuit are said to bequivalent A neces- Wherev € {0,1}. For anyt € T, the output response from
sary condition of functional equivalence is that the response& /(1] - . ., 2%[m] of C" with the s-a» obtained by applying
of the RTL circuit and the gate level circuit are identical wherf ©0 C™ with the fault and that frome™*[1], ..., 2/*[m] of
value v's are fixed toefi[k] and @, respectively (see Fig.2 C'*(e[k]) obtained by applying&wv to C*** are identical
(b)). It is the same situation when sedaults are assumed to Where ‘a&b” denotes concatenation of vectarandb.
be presented oai[k] and one®, respectively (see Fig.2 (a)). Let C“ hasn inputs ¢“[i](i = 1,...,n)) andm outputs
To make our signal line mapping algorithm complete, we pefz©[i](i = 1,...,m)). C%*(e%) hasn + 1 inputs ¢*[i](i =
form functional equivalence checking fef k] and each above 1,...,7 + 1)) andm + 1 outputs ¢*[i](i = 1,...,m + 1)).
mentioned candidate nef. The overall algorithm to solve the We inject a s-a fault on signal linee in C¢. For anyt € T,
signal line mapping problem is shown in the following. the output response fronf'[1], . .., 2“[m] of C< with the s-
1. Generate a complete test &&for all the testable stuck-at @ obtained by applying to C¢ with the fault and that from
faults inCC. 2G*[1], ..., 2% [m] of C%*(e“[k]) obtained by applying&v
2. For eachv € {0,1}, the following two steps are per- to C%* are identical.
formed. Consequently, for any input pattern @f, the output re-
(a) Obtain a set of faulty output responses, by ap-  sponses from/*[1], ..., z*[m] and 2¢*[1], ..., 2¢*[m] of
plying T to the RTL circuitC® with an injected s-a- C™*(e'[k]) andC%*(e“), respectively, are the same because
v fault on the given bit-sliced RTL signal lin€?[k]. CT and C% are functionally equivalent and stafaults on
(b) Find all the single s-a-faults of C¢ such that all €"[k] ande® are equivalent undef. It is a necessary con-
the faulty circuits induced by the faults respond thdlition of functional equivalence betweefi[k] ande®.
same output responsés;, whenT is applied to From the assumption of fault diagnose, il are able to get
these circuits. A set of the nets having equivalen@.SEG wheree© satisfies the above conditions. It is obvious

faults is referred to ag“". that £ properly include all the gate level nets that are func-
3. ObtainE“ = E%° N &1, tionally equivalent tae'*[k] . Therefore we only need to show
4. For each® ¢ EC, createC™*(ef[k]) andC%*(e“) by  that the steps 4 and 5 can exclude nets if and only if the nets
cuttingC* andC% onef[k] ande®, respectively. are not functionally equivalent te”*[k]. Clearly,e® is elim-

5. Perform equivalence checking fof’®(¢f*[k]) and inated fromE€ if ¢ is not functionally equivalent te”[k].
C* (%) and eliminate:¢ from EC if they are not func- Otherwise, it is not eliminated. Thus the theorem holds true.

tionally equivalent. d

Steps 1 to 3 are the same as the procedure for finding func-
tionally equivalent signal line by using fault diagnosis tech-
nigue in [6]. In [6], the complete test sétfor the detectable
faults in a gate level circuit is used as the input patterns for |n [12], Yoshikawa et al. defined non-robust untestable paths
fault diagnosis. The procedure first finds 8-&esp.1) faults  for RTL circuits as follows.
in C that are equivalent to the stafresp.1) fault injected  Definition 15: (RTL non-robust untestable pat#)n ~ RTL
one’i[k] under the test séf. Then the procedure selects gatepath p in an RTL circuit S¥ is RTL non-robust untestable
level nets that have both seeand s-at faults as the candidates (RTL-NRU) if all the gate-level paths in(p) are non-robust
of equivalent nets. These nets obtained by the steps satisfigfiestable (NRU) for any gate-level circuit® synthesized
the necessary condition of the functional equivalence. Finalljom S%, whered(p) is a set of gate level paths corresponding
steps 4 and 5 are performed to guarantee sufficiency. to p. O

The completeness of the overall algorithm is shown in Theo- In order to guarantee the correspondence between RTL-
rem 1. Here we assume that the fault diagnosis technique ué¢BU andd(p), restricted logic synthesis calledodule inter-
in the algorithm can report all the suspected faults, i.e., it nevéace preserving logic synthesis (MIP-LiS}employed.
miss equivalent fault under its input patterns. Under the assumption on logic synthesis, they also provide
Theorem 1 Given an RTL combinational circui?, its syn-  sufficient condition of RTL-NRU based on control signals of
thesized gate level circuf“ and a bit-sliced RTL signal line MUXes and registers. In this paper, we refer to an RTL path

IV. RTL FALSE PATH MAPPING



find equivalent fault the same
: e X T lTI -------- ITI

C*(e"[k)) ()
identical
(a) equivalent fault (s-a-1) (b) specific value (1) on additional PI

Fig. 2. Relation between equivalent faults and functionality of respective signal lines.

that satisfies the sufficient condition of RTL-NRU as an RTLeZ cannot have transitions which are frafi and by way of
false path. Non-robust untestable gate level paths for both traef? (if any) in¢ to ¢ + 1, wheree? is necessary to be mapped.
sitions are also referred to as gate level false paths. For a givEnerefore & cannot have any transition that is frarfi and

pathp = {ei,...,e,} in an RTL circuit, intuitively, the con- by way ofe§’ (if any) int to t + 1, wheree$ is mapped from
dition is as follows. The patp is RTL false if at least one of e, Thus, the theorem holds true. O
the following satisfies for any input sequence and &any1) By this theorem, we are able to treat gate level false paths in

there is no controllability to make a transition on the starting gate level circuit synthesized with an arbitrary logic synthe-
register which drives, in cycles betweenandi + 1 (ifany),  sjs (without restricting logic synthesis to MIP-LS) through the
(2) there is no propagatability of a value framto e; 11 for  proposed path mapping method.

somei (1 = 1...n)int+ 1 (if any), (3) no response o, is

captured on the ending registettif 2 (if any), and (4) there is

no observability for the captured responses (if any). These are V. EXPERIMENTAL RESULTS

checked only by examining control signal values of MUXes

and registers supplied from the controller. Notice that, in their In this section, we show experimental results for evaluat-
RTL circuit model, for an RTL circuit, state transitions of theing our RTL path mapping method by mapping RTL paths
controller are known and are completely specified for all thand RTL false paths identified with the method proposed in
pairs of states and input vectors. Detailed description is ava[t0]. We used three RTL benchmark circuits, LWF, Tseng and
able in [12]. Paulin and an industrial circuit, MPEG. In this experiments, we

3ed only the datapath part of each circuit and tried to map all

The condition means that no transition can be propagatfh . o .
) SR o e paths in the datapath. Table | shows the circuit characteris-
through an RTL-NRU path, which is identified based on th ics of the circuits. Columns “#bit”, “#PI”, “#PO” and “#reg”

condition, in non-ro_bust sensitization criteria or the response e bit width, the number of primary inputs, that of pri-
captured at the ending register cannot be observed. If we can

S
mary outputs and that of registers, respectively. Sub columns

remove the assumption on logic synthesis, we can utilize th . o N B i .
identification method reported in [10] for more general circuitsﬁ‘mp'l‘S and "Arbitrary” under "Area (#gates)” show the cir-

synthesized without the restriction. Therefore, we obtain th(t:aUIt area syn.the5|zed by MIP-LS[10] and that without re;tnc
: tion, respectively. From the area comparison, we confirmed
following theorem. - ) . .
B . .. .r that our method eliminate the impact on logic synthesis re-
Theorem 2 For an RTL false path™, in an RTL circuitS*t, . . : .
anyp® € PGA that is mapped from® with our path mappin sults. In this experiments, we used Synopsys DesignCompiler
yp bp P pping to perform logic synthesis, Synopsys TetraMax to generate test

i ) i 1 ) ) . .
method is gate level false patterns for gate level circuits synthesized with “Arbitrary”,
[Proof] Suppose that” andp® consists of eff,...,eff} and Cadence Encounter Test and Diagnostics as a fault diagnos-
{ef,...,eC }, respectively, and each RTL signdt of p™ has  tic engine, Synopsys Formality to perform equivalence check-

arbitrary bits. From sufficient condition of RTL-NRU, for aning and Synopsys PrimeTime to enumerate the gate level paths
input sequences” satisfies at least one of the four conditionspn Sun Microsystems Sun Fire X4100(Opteron 256(3GHz),
as described above. From the assumption of existence of IXBGB memories).

mapping information, functional equivalence of internal signal \\je yse the RTL path mapping ratiomr = @ x 100[%]

line and combinational parts &f® and S¢ are functionally 27

. : : - as an evaluation criterion, whef€%| is the total number of
equivalent, we can say the following. If it satisfies (1), all theRTL paths in the datapath an@"7| is the number of RTL

N : : R o .
bit-sliced signal lines oé;* cannot have transitions in cycles paths mapped. Furthermore, to evaluate more in detail, we

ttot + 1. Therefore,e{ cannot have any transition into . o . .
t + 1. If it satisfies (3) or (4), values of all the bit-sliced signalConSIder bit-sliced RTL paths in the datapath. We use the bit

. . . o ‘PRTl
lines of e/ cannot be observed. Therefore, any valueg@n Sliced RTL path mapping rati@mr, = "z x 100[%],
att + 1 cannot be observed. If it satisfies (2), all the bit sliceavhere | Pf?| is the total number of bit-sliced RTL paths in




TABLE | TABLE V

CIRCUIT CHARACTERISTICS DETAILS OF THE FALSE PATH MAPPING
o . Area (#gate) LWF | Tseng| Paulin | MPEG
Circuit | #bit | #P1 | #PO | #1e9 LS T Arbitrary #Pfalse 5 6] 13| 32
LWF 16 2 2 5 1,571 1,467 #Punique 4 5 13 32
Tseng 8 3 2 6 1,357 1,077 #Stried 32 16 0 0
Paulin 8 2 2 7 1,590 1,303 #Smapped 0 7 - -
MPEG| 8| 5| 16| 241| 38,183 28454 _ — T _
of paths uniquely identified with the 1/O mapping information,
TABLE Il the number of bit-sliced RTL signal lines targeted by signal
PATH MAPPING RESULTS line mapping, and the number of bit-sliced RTL signal lines
LWF | Tseng| Paulin | MPEG mapped, respectively. Therefore, we can say that the proposed
Pmr([%] 73.7] 90.0| 100.0] 100.0 method finds almost all gate level false paths corresponding to
Pmiry[%] 74.2| 96.8| 100.0| 100.0 the given RTL false paths.
CPU[sec] | 28.14| 21.74 0.30 0.10
the datapath an?/*” | is the number of bit-sliced RTL paths V1. CONCLUSIONS
mapped. Table Il shows the path mapping ratios, bit-sliced
path mapping ratios and time required for these mapping.  Establishing correspondence between an RTL circuit and its

Table 1l shows the signal line and path mapping results igynthesized gate level circuit is important for high level test-
detail. Rows “#Ptotal”, “#Punique”, “#Stried”, “#Smapped” ing approaches. In this work, we focus on correspondence
and “#Pmapped” show the total number of RTL paths, thBetween paths in the RTL circuit and paths in the gate level
number of paths uniquely identified with the 1/O mapping in<circuit. Existence of the correspondence enables the technolo-
formation, the number of RTL signal lines targeted by signajies that handle a path at RTL as a bundle of a tremendous
line mapping, the number of RTL signal lines mapped, i.enumber of paths in the gate level circuit. There are methods
the gate level nets which are functionally equivalent to the bito identify false paths using RTL design information [10, 11],
sliced RTL signal lines were found, and the number of theyhich is feasible only if RTL paths can be mapped into gate
RTL paths mapped. Columns “RTL" and “bsRTL" under eachevel paths.
circuit name mean that bundled RTL and bit-sliced RTL, re- In this paper, we proposed a method to establish correspon-
spectively. Thanks to Definition 11 (uniquely identification ofgence between a set of RTL paths and gate level paths with-
path), most of the RTL paths were able to be mapped onbut restricting logic synthesis. To the best of our knowledge,
by using /O mapping information or CPU time was able tahis is the first work that tackles RTL to gate level path map-
be saved. The proposed method achieved the RTL path mgfng. Furthermore, we showed that RTL false paths identified
ping ratio and the bit-sliced RTL path mapping ratio of avpy [10] can be mapped to gate level false paths with our pro-
erage90.9% and92.8%, respectively. The reason why (bit- posed method. In our experiments, the proposed path mapping
sliced) RTL paths which were not able to be mapped to gaifiethod was utilized as a false path mapping procedure, and
level paths existed is that the algorithm was not able to finghany false paths were able to be found in a circuit synthesized
any signal line needed for path mapping, i.e., there exist Rgith an arbitrary logic synthesis by using our proposed path
functionally equivalent net in the gate level circuits. mapping method.

Table IV shows the result of RTL false path mapping and
time required for these mapping. Rows “#Ptotal”, “#Pfalse”,
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SIGNAL LINE AND PATH MAPPING RESULTS IN DETAIL.

LWF Tseng Paulin MPEG
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